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Background – some queries.  

• In overwhelming majority of cases  aneuploidy (autosomal)  associated with female. But specific 
associations with male  Helen this am  : 15%,  80% 45X 

• In the context of ART is there a higher risk and can this be managed?

• Focus on sperm  - specific groups with increased risk: 
• Is the proportion of aneuploidy  spermatozoa  higher in sub fertile men? Yes but very variable data 

(50+studies). 

• Do sub fertile men normally present higher chance of aneuploidy in foetus/offspring e.g. ICSI (Bonduelle et 
al.,  examples)  translation example PGD ESHRE data. 

• Recent evidence for a paternal contribution to aneuploidy in human embryos (CCS).

• Interesting examples (47XXY; Globozoospermia; very specific sperm abnormalities; Trisomy 21).

• What can be done ? (apart from PGD)

Example review : Templado et al., 2013 MHR 19, 634-643. Harton & Tempest 2012 AJA  14, 32.
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Sub-fertile men (?severely) men normally give higher chance of 
aneuploidy sperm.

• Considerable degree of evidence – in sub fertile men more severe with increasing severity of male infertility. 

• RPL: Zidi Jrah et al., (2016) higher level sperm aneuploidy in partners of women with  recurrent pregnancy loss cf., controls 

• Ramasamy et al (2015) n= 140 men who's partners had recurrent pregnancy loss -

• greater % of sperm aneuploidy with sex chromosomes and 18 and 13/21 vs controls (1.04% vs 0.38%; 00.18 vs 0.03; 0.26 vs 0.08) and demonstrating that 
40% men with RPl had significantly higher sperm aneuploidy (and greater in men with lower semen characteristics). 

Templado et al., 2013 MHR 19, 634-643. 

Aneuploidy in embryos
Related to severe male sub fertility ?
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Specific studies : Paternal contribution to aneuploidy in 
embryos 

Retrospective cohort study 3835 embryos  from 629 couples 

Aneuploidy in trophectoderm from IVF and ICSI (normal and oligo) (CCS) 

Coates et al. 2015, Fertil Steril 104, 866 

Summary/discussion from Coates et al. 

• As examined IVF and ICSI indicated ICSI procedure itself not a significant variable.

• Maternal age not a variable as same in donor vs own egg group.  

• Oligozoospermia significantly associated with aneuploidy in embryos by implication paternal. As 47 XXX (5% 
paternal), 47 XXY (50%),  45XO(~75%), 47 XYY (100%)  - if paternal effect in study would see fewer 47XXX and  
450Y. This is case (10/12 not these)  

• However parent (and phase) of origin analysis is required. 
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KS (XXY) syndrome 

• Common disorder ~ 1:600 males ;  ~10% have mosaic 

EAU Guidelines
(Jungwirth et al., 2012 Eur Urol. 62:324) 

Significant  contribution from XXY

Diagnosis Unselected  

12,945

Azoospermic

1446 

Idiopathic 30.3 % 13.3%

KS (XXY) 2.6% 13.7%

Y deletions 0.3% 1.6%

Significant component unknown. 
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ART in Non Mosaic KS 

Sperm in the ejaculate have been found in up to 8% of non mosaic 

men. 

Produce higher levels of aneuploidy spermatozoa  (sex 

chromosomes and some autosomes [13/18/21]) (50-93% cells 

normal but majority show +90% normal

Rare natural conceptions published first ICSI 1997

Consistent  pregnancies at ART at  least 180 children born 

overwhelming majority (all) normal karyotype. 

PGD indicated higher aneuploidy rate in embryos (Staessen et al., 

2003) particular sex chromosome and 18/21 but 54% normal (n=113 

embryos; 13% vs  3% sex chromosome; 15 vs 5% autosomal cf

controls) but no XXY). 

Van Saen et al., (2012) Fertil Steril , 97, 319; (Bourne et al., Hum Reprod 12, 2447-2450). 

Aksglaede & Juul EJ Endo (2013) 168, R67. Rives et al., 2000 MHR 6, 107. 

Globozoospermia –Sperm aneuploidy variable 

NORMAL

�Incidence of globozoospermia 1:???????? sub-fertile men.

�Generally limited data as few cases reports
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While plethora of scientific queries ..

• Meiotic competence and fidelity that results in aneuploidy e.g. KS

• What account for variability and subsequent effectiveness of function 

• …

So what can we do (except PGD) 
Selecting the optimal cell

• In vivo ? And lessons

• In vitro : favourite protein/concept/idea. 
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Mate (gamete) selection in animals 

Very sophisticated with somewhat of an evolutionary arms race pre 
and post copulation.

All aimed at selection of the fittest sperm cell

Dramatic and fierce competition once in female tract : selection by sperm and 

female

From Manier et al., 2010 Science 328:354-7.

Removal of rival cell

Induction of response in female tract -gene expression 
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The incredible journey – (presumably) selection of the best 
cells 

1:14,000,000 reach site of fertilisation

17
Adapted from Publicover, Harper & Barratt 2007 Nature Cell Biology 9, 235-42

BUT : Chromosomally abnormal spermatozoa are effective at 
fertilisation 

and ???????possible not disadvantaged in natural/IVF fertilisation?

• Detailed experiments not done comparing effectiveness at 
fertilisation however, 

• Paternal cases :  KS, Trisomy 21 etc. 

• Structural abnormalities (e.g. translocations [balanced]) (Thomas et 
al., 2010 J Med Genet. 47, 112).

• Maybe learn from female tract however what about ART?
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ART ? Less rigorous selection  

Denny Sakkas et al. Hum. Reprod. Update 2015;21:711-726

© The Author 2015. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology.

FIGURE 1. (A) Sperm approach from the periphery and then bind to the HA-spot. (B) Sperm being picked up with the ICSI 
pipette.Jakab. A novel method for ICSI sperm selection. Fertil Steril 2005.

Can ART sperm selection techniques reduce impact ?

Potential reduction in frequency of aneuploidy sperm bound to HA.  

Therefore potential to select better cells and reduce pregnancy loss in ART. 

Worrilow et al., Hum Reprod. 2013 28:306  
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Potential techniques to select optimal cells  
However.. 

• Current evidence was insufficient to permit evaluation of the effectiveness of advanced sperm 
selection strategies in assisted reproductive technologist (ART). No evidence showed a difference 
between the groups in terms of any of the reported outcomes. 

• Further studies of suitable quality are required before any of these advanced sperm selection 
techniques can be recommended for use in clinical practice

• Evidence is current to May 2014.

• HA test : HAB select : http://www.habselect.org.uk/

Other techniques – electric charge  - still a prototype 
. 

R. John Aitken et al. Hum. Reprod. 2011;26:1955-1964

Additional systems : 

Simon et al.,  Fertil Steril. 2015 103:361



12

The fundamental truth

Current

?

√

×

√√

Poor quality cells=Reduced 

1. FR
2. Embryo dev
3. Implantation rate
4. CPR
5. LBRFuture

? ×

Need to get the sperm to confess ‘errors’

• Concept re examine in vivo interaction with new glasses

• 2 rather interesting examples... 
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Sperm that reach the egg are (possibly) a selected population 
(Cohen & McNaughton 1974, J Reprod Fertil 39, 297-310)

The female tract can detect and response to X vs Y 
sperm…. 

Alminana et al., BMC Genomics 2014 15, 293. 



14

Summary   

• Specific groups with increased risk: 
• Is the proportion of aneuploidy  spermatozoa  higher in sub fertile men? Yes but very 

variable data. 
• Do sub fertile men normally present higher chance of aneuploidy in foetus/offspring e.g. 

ICSI yes. 
• Recent evidence for a paternal contribution to aneuploidy in human embryos (CCS).

• Particular interesting examples (47XXY).

• Many scientific queries BUT.

• Female tract selection – possible lessons but yet to exploit these and perform 
detailed experiments.  
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